Seismic events cause serious problems to the electrical supply continuity in sensitive structures. The design of electrical and mechanical power systems can apply a "Darwinian" approach in sizing the components and in drawing the layout for minimizing the seismic stresses during an earthquake. This kind of evolution has to aim in preventing more than protecting damages to systems operability. All the components should have adequate ratings and be installed in a proper manner to provide a reliable and safe electrical system after or during earthquake. The electrical engineer and mechanical engineer should work closely with the structural engineer. The paper suggests a comparison among different international approaches in simplified evaluation of the seismic forces to assist the design electrical engineers and highlights the need that the constructors of equipment essential to the service continuity, as transformers, switchboards, generator sets, uninterruptible power supplies, motors driving critical loads, have to promote certified tests of their seismic behavior and to make available their basic seismic parameters.
INTRODUCTION
After an earthquake, a building could be unusable, not necessarily due to structural damage but because electrical and mechanical systems that are not structural components, have sustained damage and are inoperable or with serious problems to the service continuity. The electrical and mechanical power systems are generally classified nonstructural elements in a civil structure [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , but they have to be classified as "diversely structured" that is electrical and mechanical structures. The electrical structure can be analyzed and designed in a perfect analogy with a mechanical structure in relation to the internal forces characterizing the electrical behavior and also to external forces, like earthquakes, but also fire stresses, inundations, corrosions [20] . As the mechanical designer has to arrange a structure according to the weight moments, and considering optimal costs, practicality, reliability, etc., the electrical designer has to model the "weight," that is, the electrical size of components and to arrange the correct installation for locating them. The design of a power system subject to hazards caused by seismic stresses has to consider the actual weight and moment of the equipment and its reaction to a seismic event and to size and install components to tolerate and/or mechanically resist the expected forces [13, 21] . The electrical engineer and mechanical engineer should work closely with the structural engineer. The structural engineers have to offer at the systems engineers the major simplified approach to evaluate the seismic forces and the best understanding of behavior of the nonstructural components that allow to recognize the critical cases for those it is necessary a more detailed studies by complex approaches. The paper deals with a comparison among different international approaches in simplified evaluation of the seismic forces that suggest cautious criteria assisting the design of electrical engineers.
DESIGN AND INSTALLATION FOR PREVENTING SEISMIC STRESSES
All the components should have adequate ratings and be installed in a proper manner to provide a reliable and safe electrical system after or during an earthquake. In general the target is the components have to bear deformations more elastic than plastic with some exception on the supports and anchoring systems. In critical applications it is necessary to ensure that electrical service will be available following an earthquake. Distributed systems and equipment require special supports and anchorages (snubbers, bolts, brackets or assembling on vibration isolators) to counteract and sustain the shearing stress and the bending moment produced by the seismic design force, thus improving the structural response. The supports shall be tested for an acceptance based on experimental evidence and mathematical analysis. Wiring exposed to mechanical damage and other insulation stresses (including temporary wiring and connected by flexible cords and cables) has to be arranged with special cables and connections and special measures of protection and installation (flexible jumpers and connectors) to avoid failures characterized by arcing and burning. In addition to the components previously mentioned, batteries, inverter-rectifier units, electrical control and monitoring equipment, containers for lighting fixtures, suspended false ceilings, and cable ducts must also be considered for seismic evaluation and special anchoring techniques (shock spacers, fall arresters and safety fastens, lateral restraints) . Equipment that is located on the roof-top has to remain preferably far from the building perimeter. Equipment on the roof-top or elsewhere on the exterior of the building can be exposed to wind-driven forces that are sufficient to cause significant stresses on the anchoring points. The selection of anchoring methods and bracing of external equipment should consider both wind and seismic forces.
A DARWINIAN APPROACH IN THE DESIGN OF THE ELECTRICAL

STRUCTURE
The goal of modeling such facilities is the achievement of objectives related to safety, maintenance, operation, and reliability without resorting to special components and complex designs. An irreducibly complex system is one composed of multiple parts, all of which are necessary for the system to function. If even one part is missing, the entire system will fail to function. Their design can apply a "Darwinian" approach in sizing the components and in drawing the layout that allows to optimize the electrical behavior of the system and also to minimize the seismic stresses during an earthquake. This kind of evolution has to aim at preventing more than protecting damages to systems operability. "Natural" designing selection acts to preserve and accumulate minor constitution mutations of the various system components with the best performance. Different configurations can be arranged for a same functional structure, among the possible designs it is efficient to select the architecture adequate to better withstand to the seismic forces to which each system component may be subjected. Natural selection is the preservation of a functional performance that enables a system to compete better in the goal. The behavior of the building structure is important to recognize the distribution of seismic forces inside the building volume and specially to identify the volume Minimum Force Space MFS [21] . This MFS defines the building volume inside where the seismic design force applicable to equipment is lower than the recommendable minimum value that has to be assumed as reference for sizing and installing adequately the components.
The Darwinian design criteria of the electrical components include the coordination of several tactics that complement each other toward achieving the same goals of minimizing the needs of : -special sizes or components out of a commercial series; -particular installing requirements of the components without standardized tests certifying the toleration and/or the mechanical resistance to the expected forces (Fc) . The basic criteria are: 1) Minimize the mass (weight) of each component of the system (microsystem approach [19] [20] ); 2) Minimize the seismic acceleration on the component by locating it as close to ground level as possible (reduction of the seismic force exposure characterized by the installation height ratio z/h) [13, 21] . The choice of electric equipment for strategic buildings is generally determined by many factors, such as: reliability, overcurrent protection and selective coordination requirements, capability to quickly restore power following an outage, short-term overload capability, installation and maintenance (life-cycle) costs, and availability. Higher costs may be associated with the required special characteristics and performances. When seismic requirements are added to these factors, the minimization of the weight of individual equipment (microsystem approach) becomes a selection criterion . Such equipment includes: transformers, switchboards, generator sets, uninterruptible power supplies, and motors driving critical loads (for example, elevators, smoke exhaust air handlers, and fire pumps). Careful consideration during the preliminary phase of the system planning should be given to the location of the electrical components to minimize the earthquake forces that can affect the equipment. This can be considered to be an intrinsic passive protection measure. A specific power system distribution that will tolerate seismic forces is the "brush-distribution system" (Fig.1) [13, 21] that applies a microsystem approach and maintains the main components inside the minimum forces space of the building. Its structure satisfies the criteria of locating large and heavy equipment as low as possible in the building, while branch distribution equipment and low weight components are located on upper floors. a) b) Fig. 1 . The normal "tree" structure of a generic power system (a) and the "laid down" structure of a brush distribution system (b).
SEISMIC FORCES EVALUATION: DIFFERENT INTERNATIONAL APPROACHES
In view of the safety and economic significance of earthquake damage to nonstructural components, current building codes in high seismicity countries, like in United States, in New Zealand or in Europe, have devoted an increasing attention to the development of seismic design requirements. Among them, the following are worth assessing and comparing in the present paper: in USA, [6] ; in Europe, Eurocode 8 "Design of structures for earthquake resistance -Part.1: General rules, seismic actions and rules for buildings" [7] . Electrical equipment, which are classified as nonstructural components, must be installed in compliance with the aforementioned provisions. The seismic response of a nonstructural component is affected in a quite complex manner by several parameters, such as: the dynamic characteristics of both the supporting structure and the component, their dynamic interaction, the component location within the structure, the attachment detailing, the effect of nonlinearities in both the structural and the component behavior. In spite of this, building codes introduce simplifying assumptions for the sake of design applicability, even at the cost of a reduced accuracy. A decoupled or systems-incascade approach is adopted so that the supporting structure and the nonstructural component are decoupled and analyzed individually, neglecting their dynamic interaction. An equivalent static lateral force method is then developed for the seismic analysis of nonstructural components. Seismic action effects are determined by applying at the component's centre of gravity a horizontal force F c whose general format is given by 
where W c is the operating weight of the component; a g is the peak ground acceleration, expressed in terms of gravity acceleration; typically, 0.0
is the behavior factor, which accounts for the ductility capacity of the component to reduce the lateral force; typically, 1.0
is the dynamic amplification factor of the peak ground acceleration to the component acceleration. Considering that W c , a g and q c are common terms, different building codes may provide different formulations of the seismic force F c depending on the definition of the dynamic amplification factor A. In this sense, Tab. I shows a comparative assessment of the provisions set out by the aforementioned international codes. The remark in Tab. I explain the range of values that can be assumed in the equation (1) of each code: the remark shows the ratio between the weight of the nonstructural component W c and the combined weight W t of the component and the supporting structure for which equation (1) has been proven accurate. In general, the dynamic amplification factor A varies with the height of the supporting structure. Denoting with z the height of the nonstructural component and with h the building height, both measured above the foundation level, the variation depends on the ratio z/h. The dynamic amplification factor A may be possibly related also to the fundamental natural vibration periods of the component (T c ) and its supporting structure (T s ). In particular, it depends on whether the component can be taken as rigid or flexible. NZS4219:2009 specifies the same formulation of the dynamic amplification factor A for both rigid and flexible nonstructural components. The dynamic amplification factor A is assumed to be constant along the height of the supporting structure and no higher than 8.1. Only on the ground floor, where dynamic amplification is reduced, it has a lower value (2.7). In FEMA 450/2003, the dynamic amplification factor A varies linearly with the height of the supporting structure according to the ratio z/h. Neither the dynamic characteristics of the structure nor those of the component are taken into account. The effect of component flexibility is included in a simplified manner by means of a multiplicative coefficient which has only two discrete values, 1.0 or 2.5: the former is for rigid components, whose natural period T c is assumed to be not greater than 0.06 s; the latter is for flexible components, whose natural period T c is assumed to be greater than 0.06 s. Eurocode 8 assumes the dynamic amplification factor A to be a function of both the ratio z/h and the ratio T c /T s , i.e. the dynamic amplification factor A is assumed to be dependent on the component location within the structure and on the dynamic characteristics of both the component and the structure. An approximated expression of T s (in s) is provided for building with heights up to 40 m:
(2) where C t is a coefficient depending on the type of the supporting structure, being 0.085 for moment resistant space steel frames, 0.075 for moment resistant space concrete frame and 0.050 for all other structures; h is the height of the building in m, from the foundation level. For the sake of comparison, Fig. 2 and Fig. 3 show the variation of the dynamic amplification factor A versus the ratio z/h according to the different building codes. Fig. 2 refers to a rigid nonstructural component, Fig. 3 refers to a flexible nonstructural component. In calculating limit values for A, a behavior factor q c = 1.00 and a peak ground acceleration a g = 0.5 are assumed.
As expected, the formula with less information, i. factor, are obtained when resonance between the component and the structure occurs (T c /T s = 1). When the ratio T c /T s leaves the resonance condition, the dynamic amplification factor is significantly reduced. In the case of a rigid nonstructural component, it is worth noticing that FEMA 450/2003 and Eurocode 8 attest also the efficiency of the proposed "Brush-distribution system": equipment located on lower floors of the building are exposed to lower values of the dynamic amplification factor A, that is to lower seismic forces F c . In the case of a flexible nonstructural component, the Eurocode 8 approach appears complex as this case is, especially for non structural engineers. In fact it is necessary to know the component period T c and it seems to be useful to increase its value in order to reduce the dynamic amplification factor and the magnitude of seismic forces. The Eurocode 8 approach can influence favorably the costs and can contribute to reduce the recommendable minimum value reference of MFS and tends to expand the same MFS to all the building volume, but it requires more knowledge and competence. The parameters W t T s W c T c need to be known and they have to be provided respectively by structural engineers and by the component constructors. The lack of knowledge of the required parameters as the T c /T s value far from resonance, can conflict with the admissibility of the simplified Darwinian approach in applying the Eurocode 8 differently than in applying the other codes NZS4219:2009 and FEMA 450/2003 . Seismic forces, however, are only one of the design parameters to take into account in the presence of flexible components with a large ductility capacity. Relative displacements between the component and the structure deserve even more attention since they may cause damages of either the anchorages or the service lines connected to the component. Despite the prominence of these considerations, no provisions in this regard are included in the assessed building codes. As pointed out by this comparative analysis, international building codes are intended to provide, in a form as simple as possible, conservative estimates of the seismic forces acting on nonstructural components. Owing to this, they have found a widespread application in current engineering practice. Cases exist, however, when seismic forces estimates result to be oversimplified and over conservative and the nonstructural component could not withstand these forces unless a costly or technically difficult design. Furthermore, the weight of the nonstructural component represents a significant shortcoming of the equivalent static lateral force method adopted by international building codes, complying with the microsystem criteria. The decoupled approach, upon which the method is based, has been proven accurate only for light nonstructural component and indeed the codes exclude from their scope heavy components. Such limits are indicated in Tab. I (Remark). In all these cases, less simplified and more accurate estimates are obtained by taking into account the dynamic characteristics of both the component and its supporting structure. In this regard, it is necessary also that the constructors have to promote testing certifying the seismic behavior of equipment essential to the service continuity, as transformers, switchboards, generator sets, uninterruptible power supplies, motors driving critical loads, and to make available for them natural vibration periods, characteristics in tolerating mechanically and electrically the seismic accelerations, basics of installation details with dynamic interactions.
CONCLUSIONS
The design and installation of electrical power systems in buildings subject to seismic hazard must consider several mechanical and electrical criteria. Systems planning is the most important phase in the design of an electrical power distribution system for strategic buildings located in earthquake hazard areas. In any case, the fundamental rule is that, among more equivalent solutions, the discriminating parameter has to be the simpler option of guaranteeing as possible intrinsically the functionality and the integrity of the power systems. Seismic design requirements provided by international building codes result to be easy to implement and sufficiently accurate when designing ordinary nonstructural components in ordinary buildings. Seismic design of non-ordinary or hazardous nonstructural components requires instead improved methods to take into account the dynamic interaction between the component and its supporting structure. Hence, two grade of seismic design should be recognized, depending on the professional expertise of the designer. Prescriptive simplified methodologies, specifying conservative requirements, like equation(1), should be addressed to designers that have no relevant skills in the field of structural engineering (mechanical engineers, electrical engineers, ...), but necessary remarks have to be set for highlighting as much as possible the non-ordinary cases. A professional structural engineer should be called upon to advise on these special complex cases, where simplified methodologies result to be inaccurate. Because of his specialist skills, the structural engineer should be allowed to specify seismic design criteria, according to his professional judgment, and to perform seismic analysis other than those prescribed by the codes. At this aim it is important to coordinate the non structural designing criteria with a layout of the system architecture that limits the mechanical problems installing the main components at ground level or confines in the "minimum force space" definable as the building volume where the seismic exposure for each considered component is minimal.
In conclusion, the seismic design of nonstructural components may involve a number of various specialties and professional figures, including service engineers and structural engineers. No one of them should have the overall responsibility for the seismic performance of nonstructural components, but an effort for coordination should be rather achieved, being complex the system.
